The project evaluated the impact of four canola oil application rates (0, 10, 20 and 30 ml/m 2 -day) combined with three specific diet formulations (18% protein, 16% protein and 16% protein plus fermentable carbohydrates) on odour and gas emissions from grower-finisher swine buildings. The strategy of combining engineering and nutrition expertise is expected to reduce the potential impact of the pig barn on its surroundings. An experimental setup of twelve independent chambers each housing four castrated pigs was built and used to measure the effect of the twelve treatment combinations. The chambers were provided with uniform heating and ventilation rates, and with instrumentation to continuously measure temperature, relative humidity, gas and dust particles concentrations and to collect odour samples. Measurements were collected over four trials, lasting three weeks each. Canola oil sprinkling reduced dust level at application rates of 10, 20 and 30 ml/m 2 -day and provided a dust reduction of 85, 92 and 95 % respectively (P<0.05). Also, the use of a low protein diet resulted in ammonia emission reductions exceeding 30 % (P<0.05). However, treatments did not affect hydrogen sulphide and carbon dioxide emission rates. The diets without oil application had no significant impact on the odour emissions. Odour reductions of 20 and 13% were only observed with the control diet and the oil application rates of 10 and 30 ml/m 2 -day (P<0.05). All the other oil and diet combinations maintained or increased the odour emissions. .
INTRODUCTION

Odour and Dust Removal
Odours emanating from the ventilation system of a hog barn, as well as odours produced from manure storage and handling, are significant contributors to the total farm odour emissions. Odour nuisance definitions implicitly embody one or more of following quantifiable characteristics of odour: 1) frequency; 2) intensity or concentration; 3) duration; and 4) offensiveness (Sweeten 1997) . By continuous operation, odour emissions from the exhaust air of swine buildings constitute a nuisance with high frequency, duration and offensiveness and is an important element of the overall constraints that limits the expansion of the swine industry.
Dust particles found in livestock buildings have been identified to act as important odour carriers (Hammond and Smith 1981; Hartung 1985) . To provide evidence of the carrier role of dust on swine generated odours, Hoff et al. (1997a) realised a laboratory experiment where dust particles were removed from air samples taken from a swine building. For all conducted experiments, odour concentration was reduced from 23% to 76% for respective dust particle count reduction ranging from 47 to 98%. Different techniques can be used to remove odour from an airflow such as wet scrubbers, activated filters and biofilters and some of those techniques can reduce different odour characters by 45 to 84% (Young et al., 1997; Hoff et al. (1997b) .
Oil Sprinkling and Dust
In a review of dust control strategy, Maghirang et al. (1995) concluded that oil/water spraying is a promising technique for dust control in livestock buildings. By spraying a water and rapeseed oil mixture, Takai et al. (1995) obtained, in long-term observations, reductions of the respirable dust of 76, 54 and 52% in piglet, grower and finisher pigs sections, respectively. Sprinkling a small quantity of canola oil in grower-finisher sections on the horizontal surfaces (on floor and pigs) reduced respirable and inhalable dust by 71 and 76%, respectively (Zhang et al., 1996) . In a complementary study, Zhang et al. (1997) observed a 27 and 30% reduction of hydrogen sulphide (H 2 S) and ammonia (NH 3 ) concentrations with canola oil sprinkling. The oil film presumably reduced emission rates of gases into the air, but mechanical and chemical reactions that explain gas reduction need to be investigated. While considering odour or gas emission control, no information is currently available on the optimum oil application that is needed.
Nutrient Management and Odour
Nutrient management is a key to successful sustainable swine production (Honeyman, 1996) and furthermore, excess nutrients excreted in feces and urine are primary components of the total odour caused by swine production. More than 160 components have been identified in livestock odour, and for the swine most them are the product of fermentation of undigested proteins by bacteria in the hindgut that are then excreted in feces (O'Neill and Phillips, 1992).
The first method to reduce odour caused by excess nitrogen is reduction of nitrogen content in diets. In the past, dietary requirements of grower-finisher pigs for each of essential amino acids were met by including enough crude protein in diets to meet requirements for lysine, the first limiting amino acid. Reduction of dietary protein combined with supplementation of synthetic amino acids in pig diets might reduce total nitrogen excretion by 25 to 40% (Jongbloed and Lenis 1993; Hartung and Phillips 1994; Kay and Lee 1997). Reduction of dietary protein by 29% results directly in a reduction of NH 3 emission by 52% (Kay and Lee, 1997). Moreover, concentrations of other major odour components responsible for pig odour were significantly lower in slurry from pigs fed low crude protein diets compared to a control diet (Hobbs et al., 1996 ).
An additional method to reduce emissions caused by excess nitrogen, in particular NH 3 , is alteration of the ratio of nitrogen excretion in urine versus feces (Mroz et al., 1993) . Reduction of nitrogen excretion in urine as urea, the primary precursor for NH 3 volatilisation, combined with shifting nitrogen excretion into the feces, primarily as bacterial protein, will reduce NH 3 volatilisation and thereby NH 3 emission of swine barns. Inclusion of fermentable carbohydrates or non-starch polysaccharides (NSP) into diets stimulates bacterial fermentation in the hindgut and reduced urinary versus fecal nitrogen ratio by 68% (Canh et al., 1997a) . In a subsequent study, NH 3 emission was reduced up to 40% by dietary inclusion of fermentable carbohydrates (Canh et al., 1997b) . However, increased bacterial fermentation caused increased production of volatile fatty acids (for example: acetate, propionate, and butyrate), which are also part of the total odour.
In livestock production, dust and excreted nutrients are linked together. Dust is generated from feed, bedding, dried manure, debris of skin or feather and building materials (Maghirang et al., 1995) . Considering the amount of energy required to create respirable dust from feed compared to fecal material, fecal material is likely the major source of respirable dust in animal confinement housing (Jansen and Feddes, 1995) .
HYPOTHESIS AND OBJECTIVES
Canola oil sprinkling could have a significant impact on odour emissions from pig barns by reducing dust and gas concentrations in swine buildings. However, limited information is currently available to quantify the optimum oil application rate necessary to control odour or gas emission and of which magnitude the reduction could be. On the other end, considering the large fraction of the dust coming from feed and dry manure, diet formulation has certainly an important impact on the chemical composition of dust particles, and on the odour offensiveness of these particles. Consequently, a specific dust control technique can have a different effect on odour reduction depending on the dust source and chemical composition. Therefore, diet formulation should also be considered to evaluate a dust control technique for odour and gas reduction in swine buildings.
Based on the information from the literature review, the hypothesis of this project is that canola oil sprinkling and a specific dietary regime can cause a significant reduction of odour and gas emissions from swine buildings. The overall objective of this three-year project, divided in two parts, is to develop a combined engineering and nutrition strategy to reduce odour and gas emissions from swine buildings without reducing pig performance. This strategy is expected to significantly reduce the potential impact of the pig barn on its surroundings.
Part I
• To determine the interaction of four canola oil application rates and three experimental diets on odour, dust and gas (CO 2 , NH 3 , H 2 S) emissions from laboratory scale pig chambers.
• To select a combination of application rate and experimental diet that optimise odour, dust and gas emissions reduction.
• To determine the interaction of canola oil application rates and experimental diets on chemical manure composition.
Part II
• To measure odour, dust and gas (CO 2 , NH 3 ) emissions from a full scale swine building using the optimum canola oil application rate and experimental diet regarding odour, dust and gas emission reduction and on chemical composition of manure. This paper summarises the results obtained from the completion of the first objective of Part I of the project. The laboratory scale experiment was completed at IRDA in Québec.
MATERIAL AND METHODS -PART I
The impact of four oil application rates and three experimental diets on odour and gas emissions has been evaluated using a 4 x 3 factorial design repeated four times. Oil application rates were 0, 10, 20 and 30 ml/m 2 -day and the diets were a control diet (C) based on corn with an 18% protein content and two low-protein diets. The diet, LP, contained 16% protein and the diet, LP-FC, contained 16% protein but also fermentable carbohydrates (15% soybean hulls).
Twelve chambers (Figure 1 ) allowed each treatment combination to be tested during each trial. Measurements were collected over three weeks for each of the four trials providing four replicates for each treatment combination. Treatment combinations (oil application rate and diet) were randomly allocated to chambers. Each chamber housed four castrated males with an initial weight of 56 ± 0.5 kg and a final weight of 80 ± 0.5 kg. The chamber calibration and construction were described in Temperature and relative humidity in the chambers were measured with type T thermocouples and electronic humidity sensors (Model CHG-UGS, TDK Corporation of America, IL). Each sensor was scanned every 10 s and the average was recorded every 3 min. Total dust mass concentration and CO 2 , NH 3 , and H 2 S concentrations were also monitored. All the instruments were connected to a centralised data acquisition system (Model CR-7, Campbell Scientific Canada, AB).
For gas concentration measurements, air was sampled with a vacuum pump through Teflon lines going from the chambers to the gas analysers. All sampling lines were installed in a duct where air temperature was maintained at 35°C to avoid any absorption through condensation. Carbon dioxide (CO 2 ) and NH 3 were measured with non-dispersive infrared spectroscopy and H 2 S was evaluated with an electrochemical process unit. Gas analysers were calibrated against standards on a daily basis. Gas concentrations were sequentially analysed every 15 min per chamber so therefore one gas measurement per chamber was recorded every 3 hr. Total dust mass concentration was established by weighing the amount of dust collected on a filter over a one-week period at a calibrated sampling rate (2 L/min in average).
Air samples for odour analysis were collected once a week in 40 L Tedlar bags and sent to the olfactometry laboratory of the Agriculture and Agri-Food Canada Dairy and Swine Research and Development Centre at Lennoxville, QC. Six panellists evaluated odour concentration for each air sample within 24 h of the collection time.
All treatment combinations were compared for the odour, g as and dust emission rates from the chambers. To use emission rates instead than concentrations, the variation in airflow rate among trials was taken into consideration. Weekly averages were used to conduct the statistical analysis.
RESULTS AND DISCUSSION
Animal performance The statistical analysis showed no significant difference in pig performance among the three diets. Therefore, changes in diet formulations did not alter pig performance compared to the control diet.
Dust emissions
All three oil application rates reduced dust emission rate (P<0.05) compared to the no oil treatment (Table 2) , while diets showed no effect. A maximum dust reduction of 95% was obtained with a 30 ml/m 2 -day oil application rate. This level of reduction is in agreement with other studies (Zhang et al., 1996) . 
Gas emissions
The CO 2 concentration was measured at the outlet of each chamber and it varied between 2,200 to 1,019 ppm from trial 1 to trial 4. There was no difference in CO 2 concentration among chambers, which supports the argument that the ventilation rate was similar among chambers. The lower detection level on the H 2 S analyser was 2 ppm and chamber concentrations were below this detection limit. The diets and oil treatment did not affect H 2 S production rate in the chamber. Table 3 indicates that diet formulation significantly reduced NH 3 emission rates. In average, LP and LP-FC diets provided a 21 and 38% reduction in NH 3 emissions from the chambers. Those results are in agreement with the data presented by Canh et al. (1997b) . Based on this experiment, manipulating pig diet is an effective strategy to reduce NH 3 emission rates from swine buildings. Contrary to what was suggested in the initial working hypothesis, application of canola oil on the floor and the pigs did not decrease NH 3 emission rates from the chambers (P>0.10). The only significant reduction in NH 3 due to oil application was observed with 20 ml of oil/m 2 -day and the control diet. It is not possible to explain this result considering that this trend is not observed with a higher oil application rate and the other diets.
Odour emissions
As presented in Table 4 , the diet treatments without oil application had no impact on odour emissions as no signicant differences were obtained. With the C diet, odour emissions were significantly reduced by 20 and 13% with oil applications of 10 and 30 ml/m 2 -day, respectively. The reductions in the odour emissions between both application rates (10 and 30 ml/m 2 -day) for the C diet are not different.
As a general trend, oil application and low protein diets result in an increase in odour emissions but differences were not always significant. The level of odour emissions for the low protein diets and the oil application treatments are similar to the one obtained with the C diet without oil application. Odour emission increases of 50 and 38% can be observed between the C diet and the LP diet for oil application rates of 10 and 30 ml/m 2 -day, respectively (P<0.05).
Unfortunately, only the odour concentration at the detection level was used to characterise the odour and no testing were done to evaluate the effect of the treatment on the offensiveness of the odour. 
CONCLUSIONS
This project evaluated the impact of four different canola oil application rates (0, 10, 20 and 30 ml/m 2 -day) combined with three specific diet formulations (C, LP and LP-FC) on odour and gas emissions from grower-finisher swine laboratory scale chambers. As expected from the litterature review, the results obtained show that canola oil sprinkling has an important effect on dust level and application rates of 10, 20 and 30 ml/m 2 -day provide a dust reduction (P<0.05) of 85, 92 and 95 %, respectively. On the other hand, the dietary formulations do not have an impact on dust levels. The use of lowprotein diets (LP and LP-FC) reduced NH 3 emission up to 38 % (P<0.05). However, the results obtained by Zhang et al. (1997) could not be verified because oil sprinkling did not affect NH 3 and H 2 S during this experiment. The diets without oil application had no significant impact on the odour emissions. Odour emission reductions of 20 and 13% were only observed with the control diet and the oil application rates of 10 and 30 ml/m 2 -day (P<0.05). All the other oil and diet combinations maintained or increased odour emissions.
